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INTRODUCTION
Future Lunar Base or Mars Base missions will likely involve off-loading large massive
mcxtules from a landing site and moving them to designated are_ls for construction into an
operational base. Because of the remoteness of the bases there will be very little if any
involvement of astronauts in these operations. Thus the machinery for conducting these
operations must be capable of highly stable ,and automated operations. In reference I a
crane concept is pre_nted for automated and precision operations in the zero gravitational
field of space, lor a zero-g environment an efficient crane takes the form of a long slender
beam. In the presence of a gravitational field such as on the surface of a planet there is :_
large steady static load component for which the crane must be designed to carry in an
efficient fashion The most efficient structural form for carrying large steady loads is a set
of tension members and compression members configured to hold the load with the lowest
possible load in each member. In earth based construction operations, large cranes with a
single vertical st_pport cable are commonly used and the design methodology for such
cranes is well documented (see reference 2). With such a crane, only a single degree of
freedom is positively controlled. The other 5 payload degrees-of-freedom are precision
positioned by several workers holding onto the payload with guy lines. In reference 3 a
study is conducted of a large crane suitable for automated operations in the heavy
construction industry and in the ship building industry. The particular crane concept
presented in refcrence 3 has 6 cables attached to the payload so that all 6 degrees-of-
freedom can be positively controlled much like the Stewart platform of reference 4.
Ahhough a 6 cable crane does provide positive control for all dcgrccs-of-ficcdom, it also
requires that all 6 cables be controlled.
In this paper an alternate crane concept with 3 cables is presented. For the thrce cable
crane, 3 degrees-of-freedom are positively controlled while the other three derive their
stiffness from the nonlinear stiffness of the cable crane system. To provide a basic insight
into the behavior of such a crane, a 2-D version of the crane with only two cables was
analyzed. An exact solution was obtained for the lowest natural frequency of the system,
and results are presented in parametric form to demonstrate dynamic characteristics of the
multiple cable suspension system.
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Figure 6.- Perspective of boom/cable suspension system.
t3
14
II I FIIIIIIII I I I III IIII I I I II IV I II
m
W
a
Ill
a.
W
ne
:i:!:i:!
0
E
0
t--
0
c_
c_
E
r-
c_
!
r,,:
LI..
L5
03
uJ
a:
U-
16
©z "t'_ _ I 1
_II _ _ I'
r .,l_. ' _ " _ 1
L . I I ' .... l .... ' .... ' .... I " _" , Ill" II_
Ii
c:
WI,,-,
E
:3
"o
c
a.
CY 0
(1)
0 .c
0 0
c c
• 0
Ill"
o_
Z r-
I
.__
LL
17
18
LLI _ .C:
Z 4) O)
< _ _-'_
W_
UI-
,<
oO
0
0
c_
[ 1__
0 0 0
0 0 0
0 0
0 I._ 0
0
0
0
0
sq-I 'lq6!aM aueJo
u_
J_
<D
o_
"0
c
0_
0
c
8
-r"
C Eo
0
!
2
LL
19
2O
1,
REFERENCES
Mikul&,;, Martin M., Jr.; Davis, R. C.; and Greene,W. II.: A Space Crane Concept:
Preliminary Design and Static Analysis. NASA TM-101498, November, 1988.
t Shapiro,Howard I.; et al: Cradles and Derricks.McGraw-llill, Inc. 1980, 2rid ed.
1991.
o
4_
Dagalakis, Nicholas G.; et al: Robot Crane Technology. NIST Technical Note 1267,
July, 1989.
Stewart, D.: A Platform With Six Degrees of Freedom. Proc. of the Inst. of Mech.
Eng. 180(15) Part l: 371-386 1965-1966.
21
Report Documentation Page
- ,,F _',. ,%" _, ,..51, =w
1 Repo_ No, 2. Government Accession No:
NASA TM-I04041
4. Title and Subtitle
Conceptual Design of a MultLple Cable Crane for
Planetary Surface Operations
7. Author(s)
Martin M. Mikulas, Jr. and Li Farn Yang
9. Pedorming Organization Name and Address
Langley Research Center
Hampton, VA 23665-5225
12, S_nsoringAgencyNameand Address
National Aeronautics and Space Administration
Washington, DC 20546-0001
3. Recipient's Catalog No.
5 Report Date
January 1991
6 Performing Organization Code
8. Performing Organization Report No.
10 Work Unit No.
506-43-41-02
11. Contract or Grant No,
13, Type of Report and Period Covered
Technical Memorandum
14 Sponsoring Agency Code
15. Supplementary Notes
Martin M. Mikulas, Jr.: Langley Research Center, Hampton, Virginia.
Li Farn Yang: University o[ Colorado, Boulder, Colorado.
16. Abstract
A preliminary design study is presented of a mobile crane suitable for conducting
remote, automated construction operations on planetary surfaces. A cursory study
was made of earth based mobile cranes and the need for major improvements were
identified. One improvement identified was that the weight of earth based type
cranes would have reduced significantly before launch costs would be practical.
Furthermore it was observed that the only way to make a major reduction in weight
is to develop an actively controlled, counter balanced crane. The other improvement
to an earth based type crane identified was the need to provide payload stability
for precision positioning operations. Current earth based cranes have a single
cable supporting the payload, and precision positioning is accomplished by the use
of construction worker_: controlling the payload by the use of tethers. For remote,
autonomous operations on planetary surfaces it will be necessary to perform the
precision operations without the use of humans. To accomplish this the payload
must be stabilized relative to the crane. One approach for accomplishing this is
to suspend the payload on multiple cable. In the present paper a 3-cable _;uspension
system crane concept is developed. An analysis of the natural frequency of the
system is presented which verifies the legitimacy of the concept.
17. Key Words (Suggested by Author(sl) 18. Distribution Statement
Crane Unclassified - Unlimited
Lunar Construction
Robotics
Cable Suspension
Active Control
19 Securi_ Cla_if, (of thisrepo.)
Unclassified
Subject Category - 18
_. Security Cla_if. (_ this page) 21 No. of pa_s
Unclassified 22
22. 'rice
,03
NASA FORM 1626 oct 86
